Intraguild interactions and behavior of \u3ci\u3eSpodoptera frugiperda\u3c/i\u3e and \u3ci\u3eHelicoverpa\u3c/i\u3e by Bentivenha, José P. F. et al.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Faculty Publications: Department of Entomology Entomology, Department of
6-8-2017
Intraguild interactions and behavior of Spodoptera
frugiperda and Helicoverpa
José P. F. Bentivenha
University of Sao Paulo, jpbentivenha@gmail.com
Débora G. Montezano
University of Nebraska-Lincoln, deiagm@gmail.com
Thomas E. Hunt
University of Nebraska-Lincoln, thunt2@unl.edu
Edson L.L. Baldin
São Paulo State University
Julie A. Peterson
University of Nebraska-Lincoln, julie.peterson@unl.edu
See next page for additional authors
Follow this and additional works at: https://digitalcommons.unl.edu/entomologyfacpub
Part of the Entomology Commons
This Article is brought to you for free and open access by the Entomology, Department of at DigitalCommons@University of Nebraska - Lincoln. It has
been accepted for inclusion in Faculty Publications: Department of Entomology by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.
Bentivenha, José P. F.; Montezano, Débora G.; Hunt, Thomas E.; Baldin, Edson L.L.; Peterson, Julie A.; Victor, Vinicius S.; Pannuti,
Luiz E.R.; Vélez, Ana María; and Paula-Moraes, S., "Intraguild interactions and behavior of Spodoptera frugiperda and Helicoverpa"
(2017). Faculty Publications: Department of Entomology. 517.
https://digitalcommons.unl.edu/entomologyfacpub/517
Authors
José P. F. Bentivenha, Débora G. Montezano, Thomas E. Hunt, Edson L.L. Baldin, Julie A. Peterson, Vinicius
S. Victor, Luiz E.R. Pannuti, Ana María Vélez, and S. Paula-Moraes
This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/entomologyfacpub/
517
Intraguild interactions and behavior of Spodoptera frugiperda and Helicoverpa spp. on maize 
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Running title: Intraguild interactions of Spodoptera frugiperda and Helicoverpa spp.  
Abstract 
BACKGROUND: Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), is one of the major pests of 
maize, and is in the same feeding guild of the noctuid pests, Helicoverpa zea (Boddie), and Helicoverpa armigera 
(Hübner), recently reported in South and North America. The intraguild interactions of these species were assessed 
in laboratory and field conditions by determining the survival of larvae in interactions scenarios with non-Bt maize 
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silks and ears. Moreover, a video-tracking system was utilized to evaluate behavioral parameters during larval 
interactions in scenarios with or without food.  
 
RESULTS: In intraguild interactions, S. frugiperda had greater survival (55 to 100%) when competing with 
Helicoverpa spp. in scenarios where larvae were the same instar or when they were larger (4th vs. 2nd) than their 
competitor. Frequency and time in food of S. frugiperda larvae were negatively influenced by interactions. Larvae of 
S. frugiperda moved shorter distances (less than 183.03 cm) compared to H. zea.  
 
CONCLUSION: Overall, S. frugiperda had a competitive advantage over Helicoverpa spp. This study provides 
significant information regarding noctuid behavior and larval survival during intraguild interactions, which may 
impact pest prevalence and population dynamics, thereby affecting integrated pest management and insect resistance 
management of these species in maize. 
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1 INTRODUCTION  
 
The fall armyworm, Spodoptera frugiperda (J. E. Smith, 1797), and the corn earworm, Helicoverpa zea (Boddie, 
1850), (Lepidoptera: Noctuidae) are among the major pests of maize in the Western Hemisphere, causing economic 
damage due to their feeding behavior. 1,2,3,4 Moths of H. zea usually oviposit on maize silks, and as soon as the 
larvae hatch they move to and feed on kernels. 5,6,7 Damage caused by larvae of S. frugiperda generally occurs 
during the whorl stage, with foliar consumption and indirect damage to grain production due to the reduction in 
photosynthetic area .1,2,8 However, S. frugiperda larvae may also behave similarly to H. zea, infesting maize ears and 
feeding directly on the developing kernels.2,8,9 A better understanding of behavioral interactions between these 
species during the reproductive stages of maize is therefore essential.10 Moreover, both species present difficulties in 
their management based on their biological characteristics and rapid adaptation to chemical (i.e. organophosphate 
and pyrethroid) and genetic (i.e. Bacillus thuringiensis transgenic hybrids) controls. 11,12,13,14  
During the 2012-2013 cropping season, the occurrence of the Old World bollworm Helicoverpa armigera 
(Hübner, 1808) (Lepidoptera: Noctuidae) was reported for the first time in field crops in Brazil, 15,16,17 followed by 
reports of detection in Argentina ,18 Paraguay and Uruguay.19 Helicoverpa armigera is a polyphagous pest of 
agricultural crops, including host plants like cotton, soybean, maize and sorghum.17,20,21 In maize, moths of H. 
armigera prefer to oviposit on the reproductive structures (silk) and larvae tend to move to and feed on kernels. 20 
On 17 June 2015, one male H. armigera moth was collected in the field in Brandenton, Florida, USA, causing an 
alert in this North America country.22 
The three aforementioned noctuids belong to the same feeding guild on maize, with the maize ear being the 
intraguild interaction zone. 7,9,23 Intraguild interaction among these noctuids may be significantly affected by 
cannibalistic behavior 5,24,25 or intraguild predation (when predation involves different species at the same food 
source), both considered exploitative behaviors. 26,27 
These cited characteristics pose questions involving behavior, dispersion, population dynamics, and the 
prevalence of noctuid species in maize. Studies involving intraguild interaction of noctuids on maize are still scarce, 
28, 29 as well as cannibalism, predation 30 and other larval behavior when interaction occurs, 31,32 particularly under 
field conditions. 33,34,35 
The objective of this study was to evaluate the larval interspecific and intraspecific interactions of S. frugiperda 
when competing against H. zea or H. armigera on maize under laboratory and field conditions using various 
interaction scenarios. We also evaluated the intraspecific and interspecific interactions between S. frugiperda and H. 
zea under laboratory conditions using an automated video tracking system to describe details of larval behavior. A 
better understanding of the interactions of these noctuid pests would be relevant to their integrated pest management 
and insect resistance management. 
 
2 MATERIALS AND METHODS 
Larval interactions were assessed in three types of arenas: plastic cups with maize silks in the laboratory, plastic 
tubes around maize ears in the laboratory, and on maize ears in the field.  Behavior was assessed for 11 distinct 
interaction scenarios based on species and larval stadium (Table 1). A non-Bt maize hybrid (Pioneer 30F35) was 
used to eliminate possible effects of Bt proteins on noctuid behavior. 
 
2.1 Insect stock colony 
From 2013-2016, colonies of the three noctuid species were maintained in the laboratory (25 ± 2ºC, RH: 60 ± 10%; 
14:10 [L:D]) at São Paulo State University, Department of Crop Protection, Botucatu, SP, Brazil. The larvae were 
reared on artificial diet. 36 In order to keep the vigor of the colony, insects were frequently collected from the field, 
identified 37,38 and transferred to the specific colony. More details on the rearing methodology used may be found in 
the literature.35,36,39 
 
2.2 Laboratory intraguild interaction 
Two studies were conducted under laboratory conditions at LARESPI (Laboratory of Host Plant Resistance and 
Insecticidal Plants), São Paulo State University, Department of Crop Protection, Botucatu, SP, Brazil. In the first 
study, two larvae (species and stadium according to Table 1) were placed into transparent plastic cups (100 mL) 
with a plastic lid containing small holes in order to allow air flow. Maize silks were collected from non-Bt maize 
plants at growth stage R1 and cleaned with 92.8% ethanol; 100 g of maize silk was added to each cup and replaced 
daily to maintain quantity and quality of plant tissue. 
For the second study, two larvae (species and stadium according to Table 1) were placed on a maize ear 
collected from non-Bt maize plants between growth stages R2 (blister) and R3 (milk) 40 and cleaned with 92.8% 
ethanol. Ears were fixed to a polystyrene board base with support of two wooden dowel rods attached by rubber 
bands. A portion of paper towel was fixed at the base of the ear using a rubber band and moistened every two days 
to preserve ear turgidity. The maize ear was placed into a transparent plastic cylinder (8 cm height x 30 cm 
diameter), sealed on the top with organdy fabric attached to allow air flow. 
Larvae used in the above studies had been removed from the artificial diet and starved individually in plastic 
cups one hour before initiating the scenario. Each plastic cup or tube was considered one replicate, with 20 
replicates per scenario for both arenas in a completely randomized design. For the interaction study with maize silk 
in plastic cups, evaluations of larval survival were performed daily for 10 days. For the interaction study using 
maize ears, evaluations of larval survival were performed only at 10 days after infestation due to the difficulty in 
accessing larvae on the ear daily. These larval survival data were used to assess S frugiperda cannibalism and 
predation.  
 
2.3 Field intraguild interaction 
Field studies were conducted during two cropping seasons (May-August, 2015 and November, 2015-February, 
2016) at São Paulo State University (22°52’48’’S, 48°42’40’’W, 720 m elevation). The field interaction studies 
were carried out in fields planted using standard agronomic practices recommended for the region, including 
standard irrigation management practices to ensure optimum maize growth until the reproductive stages.40 Natural 
infestations of noctuids and other maize pests were monitored by light traps and managed through the use of the 
insecticide chlorfluazuron (Atabron, ISK Ltd., Indaiatuba, SP, Brazil) during the vegetative stage of the plants. 
When the plants reached reproductive stages, insecticidal applications ceased and noctuid eggs and larvae were 
eliminated by hand when detected.        
For each planting date, an area of approximately 1500 m2 was divided into five blocks, evenly spaced, with 11 
plots each (corresponding to interaction scenarios). Each plot was 4 m long and 3 rows (spaced 0.70 m apart) wide, 
corresponding to approximately 22 m2 total. Four replicates per plot were established using the central row of each 
plot in a complete randomized block design, totalling 220 scenarios.  
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When the plants reached the physiological stage R2-R3, a paint-brush was used to infest the maize ears with 
larvae (Table 1). After the infestation, each ear was carefully covered with a 25 x 30 cm bag made of organdy fabric. 
41 The upper part of the bag was held to the stalk of the maize plant with clips, leaving an internal space (≈ 10 cm) 
between the end of the ear and the end of the bag. The base of the bag was also fixed to the stalk and firmly fixed 
through two nodes and rubber brands to prevent larval escape. The survival of larvae was assessed 10 days after 
infestation. Once again, values of cannibalism and predation by S. frugiperda in each scenario were assessed.  
 
2.4 Video-tracking trials 
Automated video-tracking software (Ethovision XT 7.0, Noldus Information Technology, Wageningen, The 
Netherlands) was used to examine potential differences in behavior among S. frugiperda and H. zea when in 
competition scenarios (Table 2). Experiments were conducted at the Agroecosystems Entomology Laboratory, West 
Central Research & Extension Center, University of Nebraska-Lincoln in North Platte, NE, USA. Larvae were 
commercially acquired (Benzon Research Inc., Carlisle, PA, USA) and reared in plastic cups containing 15 ml of 
artificial diet (based on diet developed by USDA, Stoneville, MS). The insects were kept in a rearing chamber (25 ± 
2ºC, RH: 60 ± 10%; 14:10 [L:D]) until the 4th instar.  
Non-Bt maize seeds (hybrid Channel 208-71R) were sown in 5L pots with sterilized soil and fertilizer to 
provide vegetative tissue for the scenarios that offered food. Each vessel held one maize plant and was maintained in 
a greenhouse, free from insect infestation. The maize leaves were collected from plants at phenological stage V6. 40 
Larvae were taken separately from plastic cups with artificial diet and starved for two hours. The sex of the 
larvae was not determined because it does not affect cannibalistic behavior .47 For each bioassay replication, a pair 
of larvae was confined together on opposite sides of a Petri dish (60 mm diameter x 15 mm height, Fisher Scientific, 
Pittsburgh, PA, USA) with or without a maize leaf disk (31 mm diameter) as food source, which was classified as 
food available or food not available. Although maize leaves are not the preferential food of H. zea, the larvae do 
feed on maize, 43 and the objective of using leaf tissue was simply to analyze the larval interactions in scenarios with 
and without a food source available. To keep the maize tissue moist, two layers of solidified agar (2.5 % wt:vol, 2 
and 1.5 mm thickness) were prepared, and the vegetable tissue was deposited between the two layers. A circular 
hole was made in the top layer (18 mm diameter), allowing the larval feeding. 44 For treatments without food, just 
the first layer of agar was used. 
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Each scenario was recorded with a Dino-Lite AD413T-12V camera (Big C, Torrance, CA, USA) for 15 minutes 
to characterize larval interactions based on movement of the larvae. The Ethovision software was used to evaluate 
distance moved (cm), mean distance between larvae (cm), and time (s) and frequency (number of times that the 
larvae visit the food zone) in the food zone for replicates with food available. For each intraguild scenario, 15 
replicates were conducted. Each larva participated only once in a scenario. 
 
2.5 Statistical Analyses 
The data of larval survival in the intraguild interactions were assessed for normality with Shapiro-Wilks tests. The 
data were tested using Chi-square test (ݔ2) (P ≤ 0.05) 45 between the survival of scenario and its corresponding 
control (SAS Institute 2001). 45 The control treatment for each interaction scenario consisted of scenarios with 
individuals of the same species, in the same instars as larvae for the other treatments (Table 1). For the video-
tracking parameters, data were subjected to an analysis of variance, with normality assessed using the Shapiro-Wilk 
test and homoscedasticity evaluated using Levene’s test.46 When significant differences in the effects of the 
treatments were found, Fisher’s LSD test was used (P ≤ 0.05) for the comparison of the means, using the statistical 
program PROC MIXED-SAS 9.2.45 
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3 RESULTS 
 
3.1 Laboratory intraguild interaction 
On maize silks in cups, the survival of S. frugiperda for the 2nd vs. 2nd instar scenario was significantly greater when 
competing against H. armigera and H. zea (100% and 80% of survival, respectively) than when S. frugiperda 
competed against a conspecific (35% survival) (ݔ2 = 21.83; df = 2; P < 0.0001), with 100 and 65% predation, 
respectively (Table 3). In 2nd vs. 4th and 4th vs. 2nd instar scenarios, survival in interspecific interactions did not differ 
from intraspecific interactions. In 4th vs. 2nd instar scenarios, the 4th instar S. frugiperda had 100% survival in 
intraspecific interactions and with the other species, with cannibalism and predation above 90%. For the 4th vs. 4th 
instar scenario, the percent surviving remained higher in interaction with H. armigera and H. zea (75% and 55%) (ݔ2 
= 17.81; df = 2; P < 0.0001) and predation varied from 75% to 45%, respectively.  
On maize ears in plastic tubes in the lab, the survival of S. frugiperda in 2nd vs. 2nd instar scenarios was higher 
when interacting with H. armigera (90%) than with H. zea (65%) and S. frugiperda (55%) (ݔ2 = 6.19; df = 2; P = 
0.0453) (Table 3). Cannibalism was 45%, while predation varied from 60% in H. armigera to 65% in H. zea. For 4th 
vs. 4th instar scenarios, S. frugiperda had highest survival, mainly with H. armigera (100%) compared to the 
survival in intraspecific interaction (70%) (ݔ2 = 7.05; df = 2; P = 0.0293). Cannibalism was low in intraspecific 
competition (30%), while predation levels were 55% (vs. H. armigera) and 50% (vs. H. zea). When competing on 
maize ears, no differences in survival of S. frugiperda were observed in 2nd vs. 4th instar scenarios, with survival less 
than 50% of 2nd instar. Cannibalism and predation rates were low in this scenario, being less than 20%. In 4th vs. 2nd 
instar scenarios, the survival of 4th instar remained 100% against all species of competitor. In this scenario, 
cannibalism was 50% and predation of H. armigera and H. zea were 60 and 70%, respectively.  
 
3.2 Field intraguild interaction 
Similar to results in the laboratory, in the 2nd vs. 2nd instar scenario the survival of S. frugiperda was higher in 
interactions with H. armigera, with 90% of larvae surviving, while in intraspecific interaction the survival was 45% 
(ݔ2 = 9.23; df = 2; P = 0.0099), with values of cannibalism and predation around 50%. There was no difference in 
survival of S. frugiperda in 4th vs. 4th instar scenarios, with survival above 70%. Cannibalism was 25%, while the 
predation was 60% of H. armigera and 55% of H. zea. In the 4th vs. 2nd scenario, larval survival was 100% in 
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intraspecific and interspecific interaction, and cannibalism and predation was higher than 55%. In the first field 
study, no difference was observed in the 2nd vs. 4th instar scenarios, and the survival of 2nd instar S. frugiperda was 
less than 40%, with low values of cannibalism and predation (less than 20%). 
In the second field study, there was no difference in the survival of S. frugiperda against the different 
competitors, and the species showed high survival, above 60% in 2nd vs. 2nd instar scenarios and 75% in 4th vs. 4th 
instar scenarios. In 2nd vs. 2nd instar scenarios, cannibalism was 40% while predation was 50% of H. armigera and 
70% of H. zea. In 4th vs. 4th instar scenarios, cannibalism was 20%, predation of H. armigera was 55%, and 75% of 
H. zea. Once again, 4th instar had 100% of survival in scenario 4th vs. 2nd against the conspecific and Helicoverpa 
spp. In this scenario, predation reached 100% of H. zea and 50% of H. armigera, and cannibalism reached 55%. In 
2nd vs. 4th scenario, 2nd instar S. frugiperda showed higher survival in intraspecific interaction (ݔ2 = 11.98; df = 2; P 
= 0.0025), followed by the interaction with H. armigera, while against H. zea, larvae had 0% of survival. 
Cannibalism and predation did not exceed 10% in this scenario. 
 
3.3 Video-tracking trials 
In conditions with food available, larvae of H. zea moved a greater distance when they were interacting with other 
larvae compared to when H. zea were alone and compared to larvae of S. frugiperda regardless of whether  were 
interacting with other larvae or alone (F = 8.57; df = 5, 84; P < 0.0001) (Table 5). Without food availability, larvae 
of S. frugiperda continued to move less distance than H. zea in intraspecific and interspecific interaction (F = 6.77; 
df = 5, 84; P < 0.0001) (Table 6) (Fig. 1). For distance between larvae, with or without food, no difference occurred 
among the scenarios. Larvae of S. frugiperda spent more time feeding (214.59 s) when the larvae were not 
interacting with other larvae (F = 2.78; df = 5, 84; P = 0.0224) (Table 5). Larvae of S. frugiperda and H. zea, when 
isolated, had a lower frequency in the food source (0.46 and 1.53 times, respectively), differing (F = 6.80; df = 5, 84; 
P < 0.0001) from larvae of H. zea in intraspecific or interspecific interaction (16.86 and 8.13 times, respectively). 
 
4 DISCUSSION 
Cannibalism and predation by S. frugiperda varied throughout the scenarios. Cannibalism was expected because this 
behavior has already been reported under field and laboratory conditions in previous studies.25,42,47,48 Cannibalism 
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values were higher when interactions occurred between larvae in different development stadium than in same larval 
stadium, where larger competitors had a competitive advantage over smaller conspecifics. Several studies have 
found that cannibalism is dependent on instar, with higher rates as larval development advances, particularly when 
larvae of different stages are placed together.23,26,28,33,49 In our interaction studies, cannibalism occurred mainly when 
larvae competed under conditions of limited food and in small arenas (e.g., maize silks in plastic cup arenas). 
Previous studies reported that cannibalism rates were more frequent when larvae were confined on maize leaves 
than on artificial diet, indicating that cannibalistic behavior is related to a lack of food with high nutritional value. 50 
In another study, cannibalism rates for third instar S. frugiperda were less than 20% when reared on maize seedlings, 
and increased to 34% when there was a shortage of food.51 Here, considering the intermediate larval survival in 
intraspecific competition in the maize ear, and higher cannibalism rates of other species, such as H. zea, 23 it is 
proposed that in a maize ear it is more likely that two or more larvae of S. frugiperda will survive compared to H. 
zea,hhich also suggests that S. frugiperda is less aggressive than H. zea in an intraspecific interaction.   
In interspecific interactions between S. frugiperda and H. zea, although both species had some mortality, S. 
frugiperda prevailed over H. zea in most of the scenarios under laboratory and field conditions. Helicoverpa zea 
prevailed over S. frugiperda only in the 4th vs. 2nd instar scenario, where S. frugiperda was disadvantaged due to its 
smaller size. When both species occur on a maize plant, there is a higher probability that S. frugiperda will be more 
developed than H. zea and several other lepidopteran species,35 suggesting the tendency of S. frugiperda to prevail 
over these other species. This mismatch in development is due to the timing of when each species colonizes the 
maize plant: For example, S. frugiperda tends to infest maize crops earlier, during the vegetative stage and then 
migrates to the ear, while H. zea tends to infest maize during the reproductive stages and larvae typically begin 
feeding on silks and kernels at the ear tip before consuming kernels down the maize ear.2,7 
For H. armigera, its polyphagous feeding habit 20,52 high voracity,53 high potential of economic loss in 
crops,54,55,56 and the recent introduction in Brazil15,16,17 have caused significant interest in its potential interactions 
with S. frugiperda. In 2nd vs. 2nd instar scenarios using silks and maize ears as a food source, the higher survival of S. 
frugiperda larvae relative to H. armigera indicates a potential competitive advantage of S. frugiperda. When larvae 
of S. frugiperda were less developed than H. armigera (2nd vs. 4th instar), survival of S. frugiperda decreased, 
although it did not differ from survival during 2nd vs. 4th intraspecific interactions, which indicates  the capacity of S. 
frugiperda to survive in a intraguild interaction with H. armigera even when smaller than the competitor. In this 
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scenario, larvae of S. frugiperda might be able to survive because of its ability to escape from aggressive 
interactions, such as moving away from the competitor, and/or through other defensive or offensive mechanisms.57 
In 4th vs. 2nd and 4th vs. 4th instar interactions, the high survival of S. frugiperda also indicates that the species is not 
negatively affected by H. armigera in interactions on non-Bt maize. Similar to H. zea, moths of H. armigera prefer 
to oviposit on the reproductive parts of maize plants,20 and again because S. frugiperda colonizes vegetative plant 
stages, the competitive advantage of S. frugiperda over H. armigera might be more accentuated under natural 
conditions in non-Bt maize. In addition to the infestation times of noctuids in maize, other parameters such as 
agricultural landscape23 the food quality of the host plant (including transgenic), and larval behavior 31 may affect 
intraguild interactions.  
Genetically modified maize hybrids expressing Bt proteins could affect intraguild interactions among noctuids 
and other Lepidoptera, and raises several questions involving the influence of Bt on the prevalence of species in 
agricultural systems.  One of the hypotheses for the eastward expansion of the noctuid Striacosta albicosta (Smith, 
1888) in the US is the pest replacement hypothesis 30,58,59,60,61 where the wide-spread adoption of Bt maize 
expressing Cry1Ab may have opened a niche for S. albicosta as other ear-feeding lepidopterans are negatively 
affected by this protein, while S. albicosta is not. 30 Other studies also report the influence of Bt proteins on larval 
cannibalism and in intraguild interactions,28,33,34,62 strengthening the importance of understanding intraguild insect 
behavior with respect to food quality. 
Spodoptera frugiperda larvae spent longer time in the food zone when isolated than when larvae were 
interacting with competitors, indicating that larvae might stop feeding or feed less when intraguild interactions 
occur. This behavior did not differ between intraspecific and interspecific interactions, and may be a factor that 
increases cannibalism, predation and movement of larvae on host plants. The distance moved by S. frugiperda larvae 
was similar whether they were alone or in intraspecific or interspecific interaction, with or without food. It is 
possible that S. frugiperda larvae, hatching from relatively large egg masses and initially feeding in mass, are not 
stimulated to move away from potential competitors.   
The time feeding results that indicated a decrease of larval feeding when interacting with other larvae and a 
recent study describing plant-to-plant movement of S. frugiperda63 suggest that the movement of larvae among host 
plants could be related to intraguild interactions. Larvae would leave the maize ear to find another food site without 
competing larvae. The results from the video tracking of S. frugiperda and H. zea indicates that moving and 
searching for empty feeding sites might occur in interspecific interaction, even though S. frugiperda appears to have 
a competitive advantage over Helicoverpa spp. Future research needs to evaluate the influence of different 
interaction scenarios involving pairs and odd larvae combinations (i.e. 2nd vs. 2nd/ 2nd vs. 4th) on the movement 
behavior of lepidopterans 
The distance moved by H. zea was greater compared to S. frugiperda, and this characteristic might be useful to 
escape from an interaction (i.e. move away from the competitor), which is one of the responses of larvae during an 
interaction. 2831 The increase in distance moved by H. zea raises the importance of understanding on-plant movement 
10,64on plant-to-plant movement of lepidopterans.63  
The concerns involving larval movement among plants are increased by the hypothesis that Bt maize intensifies 
larval movement between plants, which may modify intraguild interactions. In addition, the adoption of the seed 
mixture refuge strategy (refuge-in-a-bag) and exposure to sub-lethal doses of Bt caused by the cross-pollination of 
maize plants32 raises the importance of larval behavior.65,66,67 The movement of larvae in a crop might expose the 
insect to sub-lethal doses of Bt proteins by initial feeding on a Bt plant and subsequent feeding on a non-Bt plant and 
vice versa, so larval mortality may not be achieved. 68 Considering the greater mobility of H. zea in the observed 
interactions, this species may be more likely to receive sub-lethal doses of Bt proteins, in contrast to S. frugiperda, 
which moved shorter distances in this study. In previous studies, neonates have been shown to remain longer on 
their first host plant,62 although field studies showed some on-plant and in plant-to-plant movement of S. frugiperda 
larvae on non Bt-maize.63 For Ostrinia nubilalis (Hübner) (Lepidoptera: Pyralidae), larval movement was higher on 
Bt plants compared to non-Bt plants,62,69 and observations with a video-tracking system demonstrated that larvae 
increased the distance moved, time spent moving and time away from the diet in the presence of Cry1Ab tissue.70 In 
Bt cotton, larvae of Heliothis virescens (F.) (Lepidoptera: Noctuidae) abandoned Bt plants with higher frequency 
than those developing on not-Bt plants.71,72 
Overall, interactions among the species ear-feeding Lepidoptera, in the case of this study with noctuids, affect 
their behavior, and larvae of S. frugiperda gain competitive advantage in intraguild interaction with H. zea and H. 
armigera on non-Bt maize. A better understanding of the intraguild interactions is essential to determine the impact 
they will have on species abundance in agricultural systems. It is crucial to understand these behaviors to design 
successful integrated pest management and resistance management strategies. By using non-Bt maize, this study 
provides the baseline of larval behavior of three economic important species in intraguild interactions. The extensive 
use of Bt technology represents one more factor in the complex system that affects insect behavior. The widespread 
release and adoption of Bt crops, and the issues involving the seed mixture refuge strategy and cross-pollination 
among plants reinforce the necessity for further research to evaluate the effect of these practices on larval mobility, 
feeding behavior and intraguild interaction.   
5 REFERENCES 
1. Cruz I and Turpin FT, Yield impact of larval infestation of the fall armyworm Spodoptera frugiperda (J.E.Smith) 
to mid-whorl growth stage of corn. J Econ Entomol 76:1052-1054 DOI: 10.1093/jee/76.5.1052 (1983). 
2. Buntin GD, A review of plant response to fall armyworm, Spodoptera frugiperda (J.E. Smith), injury in selected 
field and forage crops. Fla Entomol 69:549-559 DOI: 10.2307/3495389 (1986). 
3. Matthews M, Classification of the Heliothinae. NRI Bulletin No. 44. Chatham, Kent: Natural Resources Institute. 
(1991) 
4. Huang F, Qureshi JA, Meagher Jr. RL, Reisig DD, Head GP, Andow DA, Ni X, Kerns D, Buntin GD, Niu Y, 
Yang F and Dangal V, Cry1F resistance in fall armyworm Spodoptera frugiperda: single gene versus pyramided 
Bt maize. PLoS One 9:e112958 DOI: 10.1371/journal.pone.0112958 (2014). 
5. Kakimoto T, Fujisaki K and Miyatake T, Egg laying preference, larval dispersion, and cannibalism in 
Helicoverpa armigera (Lepidoptera: Noctuidae). Ann Entomol Soc Am 96:793-798 DOI: 10.1603/0013-
8746(2003)096[0793:ELPLDA]2.0.CO;2 (2003).  
6. Perkins LE, Cribb BW, Hanan J, Glaze E, Beveridge C and Zalucki MP, Where to from here? The mechanisms 
enabling the movement of first instar caterpillars on whole plants using Helicoverpa armigera (Hübner). Arthrop 
Plant Interact 2:197-207 DOI: 10.1007/s11829-008-9047-2 (2008). 
7. Burkness EC, Dively GP, Patton T, Morey AC and Hutchison WD, Novel Vip3A Bacillus thuringiensis (Bt) 
maize approaches high dose efficacy against Helicoverpa zea (Lepidoptera: Noctuidae) under field conditions: 
implications for resistance management. GM Crops 1:337-343 DOI: 10.4161/gmcr.1.5.14765 (2010). 
8. Vilarinho EC, Fernandes OA, Hunt TE and Caixeta DF, Movement of Spodoptera frugiperda (Lepidoptera: 
Noctuidae) adults in maize in Brazil. Fla Entomol 94:480-488 DOI: 10.1653/024.094.0312 (2011). 
9. Siebert MW, Nolting SP, Hendrix W, Dhavala S, Craig C, Leonard BR, Stewart SD, All J, Musser FR, Buntin 
GD and Samuel L, Evaluation of corn hybrids expressing Cry1F, Cry1A.105, Cry2Ab2, Cry34Ab1/Cry35Ab1, 
and Cry3Bb1 against southern United States insect pests. J Econ Entomol 105:1825-1834 
DOI: 10.1603/EC12155 (2012). 
10. Pannuti LER, Baldin ELL, Hunt TE and Paula-Moraes SV, On-plant larval movement and feeding behavior of 
fall armyworm (Lepidoptera: Noctuidae) on reproductive corn stages. Environ Entomol 45:192-200 DOI: 
10.1093/ee/nvv159 (2015).  
11 Torres-Villa LM, Rodríguez-Molina MC, Lacasa-Plasencia A, Bielza-Lino P and Rodríguez-del-Rincón A, 
Pyrethroid resistance of Helicoverpa armigera in Spain: current status and agroecological perspective. Agric 
Ecosyst Environ 93:55–66 (2002) 
12. Jacobson A, Foster R, Krupke C, Hutchison W, Pittendrigh B and Weinzieri R, Resistance to pyrethroid 
insecticides in Helicoverpa zea (Lepidoptera: Noctuidae) in Indiana and Illinois. J Econ Entomol 102:2289-95. 
DOI: 10.1603/029.102.0634 (2009). 
13. Carvalho RA, Omoto C, Field LM, Williamson MS and Bass C, Investigating the molecular mechanisms of 
organophosphate and pyrethroid resistance in the fall armyworm Spodoptera frugiperda. PLoS One 8:e62268 
DOI: 10.1371/journa.pone.0062268 (2013). 
14. Reisig DD and Reay-Jones FPF, Inhibition of Helicoverpa zea (Lepidoptera: Noctuidae) growth by transgenic 
corn expressing Bt toxins and development resistance to Cry1Ab. Environ Entomol 44:1275-1285 DOI: 
10.1093/ee/nvv076 (2015). 
15. Embrapa, Nota técnica sobre resultados do trabalho inicial de levantamento da lagarta do gênero Helicoverpa – 
detecção da espécie Helicoverpa armigera no Brasil. Embrapa Cerrados, Planaltina, 2p (2013). 
16. Czepack C, Albernaz KC, Vivan LM, Guimarães HO and Carvalhais T, First reported occurrence of Helicoverpa 
armigera (Hubner) (Lepidoptera: Noctuidae) in Brazil. Pesq Agropec Trop 43:110-113 DOI: 10.1590/S1983-
406320130001000015 (2013). 
17. Specht A, Sosa-Gómez DR, Paula-Moraes SV and Yano SAC, Morphological and molecular identification of 
Helicoverpa armigera (Lepidoptera: Noctuidae) and expansion of its occurerence record in Brazil). Pesq 
Agropec Bras 48:689-692 DOI: 10.1590/S0100-204X2013000600015 (2013). 
18. Murúa, MG, Scalora FS, Navarro FR, Cazado LE, Casmuz A, Villagrán ME, Lobos E and Gastaminza G, First 
record of Helicoverpa armigera (Lepidoptera: Noctuidae) in Argentina. Fla Entomol 97:854-856 (2014). 
19. Arnemann JA, James WJ, Walsh TK, Guedes JVC, Smagghe G, Castiglioni E and Tay WT, Mitochondrial DNA 
COI characterization of Helicoverpa armigera (Lepidoptera: Noctuidae) from Paraguay and Uruguay. Gene 
Mol Res 15:1-8 (2016).  
21. Kriticos DJ, Ota N, Hutchison WD, Beddow J, Walsh T, Tay WT, Borchert DM, Paula-Moreas SV, Czepak C, 
and Zalucki MP, The Potential Distribution of Invading Helicoverpa armigera in North America: Is It Just a 
Matter of Time? PLoS One 10:e0119618 DOI: 10.1371/journal.pone.0119618 (2015). 
22. Hyden JE and Brambila J, Helicoverpa armigera (Lepidoptera: Noctuidae), The Old World Bollworm. Pest 
Alert, Florida Department of Agriculture and Consumer Services, Division of Plant Industry. (2015). 
23. Bentivenha JPF, Baldin ELL, Hunt TE, Paula-Moraes SV and Blankenship EE, Intraguild Competition of Three 
Noctuid Maize Pests. Environ Entomol 45:999–1008 DOI: 10.1093/ee/nvw068 (2016a). 
24. Pierce NE, Predatory and parasitic Lepidoptera: carnivores living on plants. Journal of the Lepidopterists' 
Society 49:412-453 (1995). 
25. Chapman JW, Williams T, Martínez AM, Cisneros J, Caballero P, Cave RD and Goulson D, Does cannibalism 
in Spodoptera frugiperda (Lepidoptera: Noctuidae) reduce the risk of predation? Behav Ecol Sociobiol 48:321-
327 DOI: 10.1007/s002650000237 (2000). 
26. Polis GA, The evolution and dynamics of intraspecific predation. Annu Rev Ecol Evol Syst 12:225-251 
DOI: 10.1146/annurev.es.12.110181.001301 (1981). 
27. Wise DH, Cannibalism, food limitation, intraspecific competition, and the regulation of spider populations. Annu 
Rev Entomol 51:441-465 DOI: 10.1146/annurev.ento.51.110104.150947 (2006). 
28. Horner TA, Dively GP and Herbert DA, Development, survival and fitness performance of Helicoverpa zea 
(Lepidoptera: Noctuidae) in MON-810 Bt field corn. J Econ Entomol 96:914-924 DOI: 10.1093/jee/96.3.914 
(2003). 
29. Seymour RC, Hein GL, Wright RJ and Campbell JB, Western bean cutworm in corn and dry beans. NebGuide 
G1359, University of Nebraska, Lincoln, NE (2004).  
30. Dorhout DL and Rice ME, Intraguild competition and enhanced survival of western bean cutworm (Lepidoptera: 
Noctuidae) on transgenic Cry1Ab (MON810) Bacillus thuringiensis corn. J Econ Entomol 103:54-62 
DOI: 10.1603/EC09247 (2010). 
31. Dial CI and Adler PH, Larval behavior and cannibalism in Heliothis zea (Lepidoptera: Noctuidea). Ann Entomol 
Soc Am 83:258-263 DOI: 10.1093/aesa/83.2.258 (1990). 
32. Burkness EC, O'Rourke PK and Hutchison WD, Cross-Pollination of nontransgenic corn ears with transgenic Bt 
corn: efficacy against lepidopteran pests and implications for resistance management. J Econ Entomol 104:1476-
1479 DOI: 10.1603/EC11081 (2011). 
33. Chilcutt CF, Cannibalism of Helicoverpa zea (Lepidoptera: Noctuidae) from Bacillus thuringiensis (Bt) 
transgenic corn versus non-Bt corn. J Econ Entomol 99:728-732 DOI: 10.1603/0022-0493-99.3.728 (2006). 
34. Chilcutt CF, Odvody GN, Correa JC and Remmers J, Effects of Bacillus thuringiensis transgenic corn on corn 
earworm and fall armyworm (Lepidoptera: Noctuidae) densities. J Econ Entomol 100:327-334 
DOI: 10.1603/0022-0493(2007)100[327:EOBTTC]2.0.CO;2 (2007). 
35. Bentivenha JPF, Paula-Moraes SV, Baldin ELL, Specht A, da Silva IF and Hunt TE, Battle in the New 
World: Helicoverpa armigera versus Helicoverpa zea (Lepidoptera: Noctuidae). PLoS One 11:e0167182 DOI: 
10.1371/journal.pone.0167182 (2016b). 
36. Parra JRP, Técnicas de criação de insetos para programas de controle biológico. FEALQ, Piracicaba, Brasil 
(2001).   
37.  Hardwick DF, The corn earworm complex. Entomological Society of Canada 40:1–247 DOI: 
10.4039/entm9740fv (1965). 
38.  Pogue MG, A world revision of the genus Spodoptera Guenée (Lepidoptera: Noctuidae). American 
Entomological Society 43:69 (2002). 
39. Greene GL, Leppla NC and Dickerson WA, Velvetbean caterpillar: a rearing procedure and artificial medium. J 
      Econ Entomol 69:487-488 DOI: 10.1093/jee/69.4.487 (1976). 
40. Ritchie SW, Hanway JJ and Benson GO, How a corn plant develops. Special Report Number 48. Iowa State 
University of Science and Technology, Cooperative Extension Service, Ames, IA (1993). 
41. Paula-Moraes SV, Hunt TE, Wright RJ, Hein GL and Blankenship EE, Western bean cutworm survival and the 
development of economic injury levels and economic thresholds in field corn. J Econ Entomol 106:1274-1285 
DOI: 10.1603/EC12436 (2013). 
42. Chapman JW, Williams T, Escribano A, Caballero P, Cave RD and Goulson D, Fitness consequences of 
cannibalism in the fall armyworm, Spodoptera frugiperda. Behav Ecol 10:298-303 
DOI: 10.1093/beheco/10.3.298 (1999a). 
43. Archer TL and Bynum Jr. ED, Corn earworm (Lepidoptera: Noctuidae) biology on food corn on the high plains. 
J Econ Entomol 23:343-348 DOI: 10.1093/ee/23.2.343 (1994). 
44. Prasifka PL, Hellmich RL, Prasifka JR and Lewis LC, Effects of Cry1Ab-Expressing corn anthers on the 
movement of monarch butterfly larvae. Environ Entomol 36:228-233 DOI: 10.1603/0046-225X-33.4.1109 
(2007). 
45. SAS Institute, SAS/STAT 9.3. SAS Institute, Cary, North Caroline (2011). 
46. Winer BJ, Brown DR and Michels KM, Statistical principles in experimental design. McGraw-Hill, New York 
(1991). 
47. Chapman JW, Williams T, Escribano A, Caballero P, Cave RD and Goulson D, Age-related cannibalism and 
horizontal transmission of a nuclear polyhedrosis virus in larval Spodoptera frugiperda. Ecological Entomology 
24:268-275 DOI: 10.1046/j.1365-2311.1999.00224.x (1999b). 
48. Goussain MM, Moraes JC, Carvalho JG, Nogueira NL and Rossi ML, Effect of silicon application on corn 
plants upon the biological development of the fall armyworm Spodoptera frugiperda (J.E.Smith) (Lepidoptera: 
Noctuidae). Neotrop Entomol 31:305-310 DOI: 10.1590/S1519-566X2002000200019 (2002). 
49. Joyner K and Gould F, Developmental consequences of cannibalism in Heliothis zea (Lepidoptera: Noctuidae). 
Ann Entomol Soc Am 78:24-28 DOI: 10.1093/aesa/78.1.24 (1985). 
50. Da Silva CSB and Parra JRP, New method for rearing Spodoptera frugiperda in laboratory shows that larval 
cannibalism is not obligatory. Revista Brasileira de Entomologia 57:347-349 DOI: 10.1590/S0085-
56262013005000029 (2013). 
51. Raffa KF, Effect of host plant on cannibalism rates by fall armyworm (Lepidoptera: Noctuidae) larvae. Environ 
Entomol 16:672-675 DOI: 10.1093/ee/16.3.672 (1987). 
52. Cunningham JP and Zalucki MP, Understanding Heliothine (Lepidoptera: Heliothinae) pests: what is a host 
plant? J Econ Entomol 107:881-896 DOI: 10.1603/EC14036 (2014). 
53. Yang Y, Li Y and Wu Y, Current status of insecticide resistance in Helicoverpa armigera after 15 years of Bt 
cotton planting in China. J Econ Entomol 106:375-381 DOI: 10.1603/EC12286 (2013). 
54. Farrow RA and Daly JC, Long-range movements as an adaptive strategy in the genus Heliothis (Lepidoptera: 
Noctuidae): a review of its occurrence and detection in four pest species. Austr J Zool 35:1-24 (1987). 
 
55. Fitt GP, The ecology of Heliothis species in relation to agroecosystems. Annu Rev Entomol 34:17-52 DOI: 
10.1146/annurev.en.34.010189.000313 (1989). 
56. Downes S, Mahon R and Olsen K, Monitoring and adaptive resistance management in Australia for Bt-cotton: 
Current status and future challenges. J Invert Pathol 95:208-213 (2007). 
57. Bentivenha JPF, Baldin ELL, Montezano DG, Hunt TE and Paula-Moraes SV, Attack and defense movements 
involved in the interaction of Spodoptera frugiperda and Helicoverpa zea (Lepidoptera: Noctuidae). J Pest Sci 1-
13 DOI: 10.1007/s10340-016-0802-3 (2016c). 
58. Rice ME and Dorhout DL, Western bean cutworm in Iowa, Illinois, Indiana and now Ohio: Did biotech corn 
influence the spread of this pest? In Proceedings of the Integrated Crop Management Conference, Iowa State 
University, Ames 156–163. (http://www.aep.iastate.edu/icm/ proceedings/ICM06.pdf) (2006). 
59. Catangui MA and Berg RK, Western bean cutworm, Striacosta albicosta (Smith) (Lepidoptera: Noctuidae), as a 
potential pest of transgenic Cry1Ab Bacillus thuringiensis corn hybrids in South Dakota. Environ Entomol 
35:1439-1452 DOI: 10.1093/ee/35.5.1439 (2006). 
60. Eichenseer H and Strohbehn R, Frequency and severity of western bean cutworm (Lepidoptera: Noctuidae) ear 
damage in transgenic corn hybrids expressing different Bacillus thuringiensis cry toxins J Econ Entomol 
101:555–563 (2008). 
61. Hutchison WD, Hunt TE, Hein GL, Steffey KL, Pilcher CD and Rice ME, Genetically engineered Bt corn and 
range expansion of the western bean cutworm (Lepidoptera: Noctuidae) in the United States: a response to 
Greenpeace Germany. Journal of Integrated Pest Management. 2:B1-B8 DOI: 10.1603/IPM11016 (2011). 
62. Veléz AM, Alves AP, Blankenship EE, and Siegried BD, Effect of Cry1F maize in the behavior of susceptible 
and resistant Spodoptera frugiperda and Ostrinia nubilalis. Entomol Exp Et Applic 159:37-45 (2016). 
63. Pannuti LER, Paula-Moraes SV, Hunt TE, Baldin ELL, Dana L and Malaquias JV, Plant-to-Plant Movement of 
Striacosta albicosta (Lepidoptera: Noctuidae) and Spodoptera frugiperda (Lepidoptera: Noctuidae) in Maize 
(Zea mays). J Econ Entomol 109:1125-1131 DOI: 10.1093/jee/tow042 (2016). 
64. Paula-Moraes SV, Hunt TE, Wright RJ, Hein GL and Blankenship EE, On-Plant Movement and Feeding of 
Western Bean Cutworm (Lepidoptera: Noctuidae) Early Instars on Corn. Environ Entomol 41:1494-1500 (2012). 
65. US-EPA (United States Environmental Protection Agency). Terms and Conditions for Bt Corn Registrations 30 
Sept 2010. Office of Pesticide Programs, Washington, DC (2010). 
66. Onstad DW, Mitchell PD, Hurley TM, Lundgren JG, Porter RP, Krupke CH, Spencer JL, DiFonzo CD, Baute 
TS, Hellmich RL, Buschman LL, Hutchison WD and Tooker JF, Seeds of change: corn seed mixtures for 
resistance management and IPM. J Econ Entomol 104:343-352 (2011). 
67. Matten SR, Frederick RJ and Reynolds AH, United States Environmental Protection Agency insect resistance 
management programs for plant incorporated protectants and use of simulation modeling. In: Wozniak CA and 
McHughen A (eds.), Regulation of agricultural biotechnology: the United States and Canada pp. 175-207 
Springer Netherlands (2012). 
68. Andow DA, The risk of resistance evolution in insects to transgenic insecticidal crops. Collection of Biosafety 
Reviews 4:142-199 (2008). 
69. Razze JM and Mason CE, Dispersal behavior of neonate European corn borer (Lepidoptera: Crambidae) on Bt 
corn. J Econ Entomol 105:1214-1223 DOI: 10.1603/EC11288 (2012). 
70. Prasifka JR, Hellmich RL, Crespo ALB, Siegfried BD and Onstad DW, Video-tracking and on-plant tests show 
Cry1Ab resistance influences behavior and survival of neonate Ostrinia nubilalis Following Exposure to Bt 
Maize. J Insect Behav 23:1–11 DOI: 10.1007/s10905-009-9190-3 (2010). 
71. Benedict JH, Altman DW, Umbeck PF and Ring DR, Behavior, growth, survival, and plant injury by Heliothis 
virescens (F.) (Lepidoptera: Noctuidae) on transgenic Bt cottons. J Econ Entomol 85:589-593 DOI: 
10.1093/jee/85.2.589 (1992). 
72. Benedict JH, Sachs ES, Altman DW, Ring DR, Stone TB and Sims SR, Impact of δ-endotoxin-producing 
transgenic cotton on insect-plant interactions with Heliothis virescens and Helicoverpa zea (Lepidoptera: 
Noctuidae). Environ Entomol 22:1-9 DOI: 10.1093/ee/22.1.1 (1993). 
 
  
Table 1. Scenarios of intraguild interaction involving Spodoptera frugiperda and Helicoverpa spp. in different larval 
stadiums.  
Scenarios Intraguild interactions 
1 S. frugiperda (2nd) vs. H. armigera (2nd) 
2 S. frugiperda (2nd) vs. H. armigera (4th) 
3 S. frugiperda (4th) vs. H. armigera (2nd) 
4 S. frugiperda (4th) vs. H. armigera (4th) 
5 S. frugiperda (2nd) vs. H. zea (2nd) 
6 S. frugiperda (2nd) vs. H. zea (4th) 
7 S. frugiperda (4th) vs. H. zea (2nd) 
8 S. frugiperda (4th) vs. H. zea (4th) 
9 S. frugiperda (2nd) vs. S. frugiperda (2nd)a 
10 S. frugiperda (2nd) vs. S. frugiperda (4th)a 
11 S. frugiperda (4th) vs. S. frugiperda (4th)a 
a Control treatments, intraspecific interactions (Adapted from Dorhout and Rice, 2010)30. 
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Table 2. Scenarios of intraguild interaction involving Spodoptera frugiperda and Helicoverpa zea in presence or 
absence of food for the video-tracking study. 
Intraguild interactions 
No Food S. frugiperda (4th) vs S. frugiperda (4th) a 
 H. zea (4th) vs H. zea (4th) 
 H. zea (4th) vs S. frugiperda (4th) 
S. frugiperda (isolated) 
H. zea (isolated) 
Food S. frugiperda (4th) vs S. frugiperda (4th) 
 H. zea (4th) vs H. zea (4th) 
 H. zea (4th) vs S. frugiperda (4th) 
 S. frugiperda (isolated) 
H. zea (isolated) 
Larval development: 4-14 h after ecdysis. 
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Table 3. Survival and cannibalism/predation (%) of Spodoptera frugiperda in intraguild interaction with Helicoverpa spp. and in intraspecific interaction, in 
maize silks and maize ears in the laboratory. 
Site Scenarioa          Survival of S. frugiperda and Cannibalism/Predation by S. frugiperda (%) 
vs S. frugiperdab vs H. armigera vs H. zea 
 
S. frugiperda  
(instar) 
Competitor 
(instar) 
Survivalc 
(%) 
Cannibalism 
(%) 
Survival 
(%) 
Predation 
(%) 
Survival 
(%) 
Predation 
(%) ݔ
2 Pd 
Silk 2nd 2nd 35 65 100 100 80 65 21.83 <0.0001 
Silk 2nd 4th 10 0 10 10 0 0 2.14 0.3425 
Silk 4th 2nd 100 90 100 100 100 100 - - 
Silk 4th 4th 10 90 75 75 55 45 17.81 <0.0001 
Ear 2nd 2nd 55 45 90 60 65 65 6.19 0.0453 
Ear 2nd 4th 50 0 15 20 30 5 5.70 0.0579 
Ear 4th 2nd 100 50 100 60 100 70 - - 
Ear 4th 4th 70 30 100 55 85 50 7.05 0.0293 
a First size, S. frugiperda; second size, competitor; 
b control, intraspecific interaction; 
c n: 20 larvae; 
d P value regarding the comparison of number of survival larvae in control and vs. Helicoverpa spp. 
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Table 4. Survival and cannibalism/predation (%) of Spodoptera frugiperda in intraguild interaction with Helicoverpa spp. and in intraspecific interaction, in 
maize ears in two field studies. 
Site Scenarioa 
         Survival of S. frugiperda and Cannibalism/Predation by S. frugiperda (%)  
vs S. frugiperdab vs H. armigera vs H. zea   
 S. frugiperda 
(instar) 
Competitor 
(instar) 
Survivalc  
(%) 
Cannibalism 
(%) 
Survival  
(%) 
Predation 
(%) 
Survival  
(%) 
Predation 
(%) ݔ
2 Pd 
1st Field 2nd 2nd 45 55 90 55 60 40 9.23 0.0099 
1st Field 2nd 4th 40 0 30 20 15 15 3.11 0.2102 
1st Field 4th 2nd 100 60 100 55 100 80 - - 
1st Field 4th 4th 75 25 90 60 70 55 2.55 0.2790 
2nd Field 2nd 2nd 60 40 85 50 70 70 3.11 0.2102 
2nd Field 2nd 4th 45 0 20 10 0 0 11.98 0.0025 
2nd Field 4th 2nd 100 55 100 50 100 100 - - 
2nd Field 4th 4th 80 20 85 55 75 75 0.62 0.7316 
a First size, S. frugiperda; second size, competitor; 
b control, intraspecific interaction; 
c n: 20 larvae; 
d P value regarding the comparison of number of survival larvae in control and vs. Helicoverpa spp. 
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Table 5. Mean (±SE) of distance moved, distance between larvae, time in food zone and frequency in food zone in 
scenarios with Spodoptera frugiperda (4th) and Helicoverpa zea (4th) in intraspecific and interspecific interaction 
with food, during 15 min. 
Treatment Competitor Food availability 
Distance moved 
(cm)a 
Distance between 
larvae (cm) 
Time in food (s) Frequency in 
food (n) 
S. frugiperda 
 
S. frugiperda 146.34 ± 13.86 b 3.15 ± 0.15 a   42.68 ± 24.92 b  4.90 ± 1.99 cb 
H. zea 183.03 ± 21.52 b 3.27 ± 0.10 a   44.59 ± 26.17 b  3.26 ± 1.82 cb 
isolated 134.65 ± 16.99 b - 214.59 ± 93.31 a   0.46 ± 0.34 c 
H. zea 
 
H. zea 295.70 ± 24.81 a 3.00 ± 0.10 a   66.11 ± 24.61 b 16.86 ± 4.07 a 
S. frugiperda 258.65 ± 23.40 a 3.27 ± 0.10 a   36.68 ± 18.94 b 8.13 ± 2.78 b 
isolated 197.02 ± 25.45 b -   35.18 ± 13.82 b   1.53 ± 0.63 c 
P  < 0.0001 0.2793 0.0224 < 0.0001 
a Means followed by the same letter per column do not differ by LSD test (P > 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Mean (±SE) of distance moved and distance between larvae in scenarios with Spodoptera frugiperda (4th) 
and Helicoverpa zea (4th) in intraspecific and interspecific interaction without food, during 15 min. 
Treatment Competitor No Food 
Distance moved (cm) Distance between larvae (cm) 
S. frugiperda 
 
vs. S. frugiperda 160.17 ± 6.55 dc 2.94 ± 0.08 a 
vs. H. zea 157.02 ± 12.85 dc 3.24 ± 0.16 a 
isolated 145.90 ± 14.76 d         - 
H. zea 
 
vs. H. zea 297.91 ± 34.57 a 3.12 ± 0.07 a 
vs. S. frugiperda 237.57 ± 28.51 ab 3.24 ± 0.16 a 
isolated 216.87 ± 26.17 bc          - 
P        <0.0001     0.2678 
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